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A METHOD AND AN ARI^ANGTCMF.NT T N AN ANAI OO T TTVir 
INTRRFAri T. CTRCTJTT 

TECHNICAL FIELD 

The invention relates generally to analog line interface circuits in broadband appli- 
cations, and more specifically to a terminating impedance setting method and arran- 
gement in such a circuit. 

BACKGROUND OF THE INVENTION 

When broadband data information is transmitted and received over a two-wire 
twisted copper line, it is important that the line is correctly terminated to avoid re- 
flection losses. Ideally, the line should be terminated and driven via an impedance 
which is equal to the characteristic impedance of the line within the frequency band 
in question. 

Different miethods can be used in order to obtain a correct terminating impedance. 
The most simple and, at the same time, the most common method is to insert impe- 
dance networks, e.g. discrete resistors, in series with the outputs of line drivers, i.e. 
current amplifiers driving the line. If the characteristic impedance of the line is non- 
resistive, RLC networks can be used. 

This method provides good impedance matching to the line, biit is not flexible, since 
the only way to alter the impedance is to change the components in the impedance 
networks. Another big drawback is the power loss in the impedance networks. 

Another method for terminating a line is known from US 5,510,751, where a trans- 
conductance amplifier is used for setting the terminating impedance to the line. By 
this method, there will not be any power loss in any extra impedance network as in 
said first mentioned method. 
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However, a disadvantage with this second method is that the matching of the drive 
impedance with the characteristic impedance of the line wiU be very poor, since it is 
not possible to implement a non-resistive tenninating impedanc 



ice. 



ice 
ex- 



Another disadvantage is/if this solution is implemented 

terminating impedance will be dependent on temperature and spread in the manufec- 
turing process parameters. In the worst case, the resistive termmation impedanc 
could vaiy as much as ±50%, which is unacceptable for many applications, for ^ 
ample xDSL, i.e. various Digital Subscriber Line technologies, such as As^etric 
Digital Subscriber Line (ADSL) technologies. In order to compensate for these va- 
riations, the transmitted power to the line must be increased. 

Thus, both of the above methods result in Mgh power losses: The second method 
also gives a poor control of the tenninating impedance to the line. 

In xDSL applications, a high power loss in the line driver/receiver reduces the pos- 
sibilities to pack more lines on one and the same line card, which makes the solution 
more expensive. 

Also, in xDSL applications, it is important to be able to control the terminating im- 
pedance to the line well (return loss must be higher than lOdB) as well as to be able 

to change the terminatmg impedance to the line in a flexible manner without 
changing external circuitry, since different subscribers could be connected via diffe- 
rent types of cableis having different characteristic impedances. 



Moreover, in the particular xDSL applications, the load conditions can changi 
the line during operation, since the line is shared with normal telephony. 
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SUMMARY OF THE INVENTION 

The object of the invention is to eliminate the problems with the known solutions as 
indicated above. 

This is attained by setting the impedance towards a two-wire twisted copper line by 
sensing the voltage between the two wires, i.e. the tip and ring wires, buffering this 
voltage with a voltage amplification factor, converting the buffered voltage into a 
current by an ejctemal impedance network, amplifying the current by a current amp- 
lification factor, and injecting the amplified current into the tip and ring wire, re- 
spectively. 

By adjusting the voltage amplification factor and/or the current amplification factor 
and/or the impedance of the external impedance network, a desked terminating im- 
pedance can be set. 

In accordance with the invention, no extra impedance network has to be inserted in 
series with the outputs of the current amplifiers to achieve a correct terminating im- 
pedance. Thus, the output voltage can be reduced and, consequently, the supply 
voltage and the power consumption can be lowered. 

By making the terminating impedance towards the line dependent on the extemal 
impedance network as well as on the voltage and current amplification factors, the 
impedance will be very well controlled in a silicon implementation in that the impe- 
dance network can be built up by means of extemal components that are very well 
controlled (around ±1%). Also, the amplification factors can be very well controlled 
on silicon, since they depend only on component matching that can be controlled to 
within ± I %. 
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Good control of the terminating impedance al^^ 

siq>ply voltage in comparison with theknown second method above, smce no mar- 
gins have to be added to the ou^ut voltage in order to compensate as in cases where 
the control of the terminatmg hnpedance is poor. 

Furthermore, any non-resistive impedance can be set by c^^^ 

component combinations in the extemal impedance network, which improves the 

impedance matching towards the line, compared to the above second Imown method 

By programming the voltage and current amplification factors, it will be simple to 

adjust fte terminating impedance towards the line without having to replace 
discrete components. 

Thus, by means of the invention, 

- accurate control of the terminating impedance to the line is obtained, 

- it Will be possible to set non-resistive terminating impedances, 

- it will be possible to adjust the terminating impedance in an accurate way without 
having to change any extemal components, 

- significant reduction of power loss will be obtained in two different ways, namely 

by avoiding extemal impedance network in series with die line driver outputs and 
by controlling the terminatmg impedance to the line accurately, thus reducing the 

need for overhead margins in the transmit power, and 

- it will be possible to receive signals from and transmit signals to the line in the 
same loop. 

BRIEF DESCRIPTION OF THE DRAWING 

The invention will be described more in detail below with reference to appended 
drawing on which the single Figure shows one embodiment of a terminating impe- 
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dance setting arrangement in accordance with the invention in a Une interface cir- 
cuit. 



PREFERRED EMBODIMENT 

The Figure shows one embodiment of a terminating impedance setting arrangement 
according to the invention in a line interface circuit which, as to the rest, is not 
shown in any detail. 

AC signals are to be received and transmitted via the line interface circuit which is 
connected to a tip or A wire 1 and a ring or B wire 2 of a two-wire twisted copper 
line to a subscriber (not shown) via a transformer 3 having a transformer ratio of 
n:l. 

On the line interface circuit side of the transformer 3, a current amplifier 4 is con- 
nected to the tip wire 1, while a current amplifier 5 is connected to the ring wire 2. 
The current amplifiers 4 and 5 together constitute a line driver. 

The AC signals mentioned above are sensed and injected in a manner that will be 
described further down. 



In accordance with the invention, to adapt the terminating impedance of the line 
terface circuit including the transformer 3 to the characteristic impedance of the 
line, an amplifier 6, having a settable amplification factor as indicated by two set 
input terminals 7 and 8, is connectable with its input terminals to the tip and ring wi 
re, respectively, to sense the line voltage on the interface circuit side of the trans- 
former 3.. 



Supposing that the line voltage is U^. then, the voltage sensed by the ampUfier 6, 
will be equal to Ut/n. 
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If the set input terminal 7 is set high, trigging switches 15 and 16, the gain in the 
amplifier 6 will be set by the resistors 9 and 10 together with resistors 1 1 and 14. 

If. on the other hand, the set input terminal 8 is set hi^ trigging the switches 17 

and 18, the gain in the amplifier 6 will be set by resistors 13 and 12 together with 
the resistors 1 1 and 14 

The amplifier 6 is also connected in such a way that it converts an incoming diffe- 
rential signal into a single ended signal referred to a reference voltage 19. 

Supposing that the amplification factor in the ampUfier 6 is set to K,, the voltage 
Ul/d will be amplified by the factor Ki. i.e. the voltage on the output of the amplifi. 
er 6 will be equal to (KixUJ/n. 

In accordance with the invention, the output voltage of the amplifier 6 is converted 
into a current by means of an impedance network 20, having an impedance Z, which 
is connected between the output terminal ofthe amplifier 6 and the input of a cur- 
rent buffer 21. The input of the current buffer 21 is held at said reference voltage 19. 



Thus, the cuirent through the impedance network 20 will be (KjxUJ/CnxZ). 

The current buffer 21 reproduces this current and applies it to the inputs ofthe cur- 
rent amplifiers 4 and 5. 

The current amplification factor of the current amplifier 4 is set by the ratio between 
resistors 22 and 23, and the current amplification factor ofthe current ampUfier 5 is 
set by the ratio between resistors 24 and 25. 
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Supposing that the current amplification factor of the current amplifiers 4 and 5 is 
set to Gr, the output current firom these current amplifiers will equal 
(GRxK,xUL)/(nxZ). 

The current applied to the line 1, 2 via the transformer 3, i.e. the line current, will be 
equal to (GRxKixUJ/Cn^xZ). 

Thus, the impedance towards the line 1, 2 via the transformer 3, i.e. the terminating 
impedance, will be (n^xZ)/(GRxK,). 

From the above equation, it is apparent that the terminating impedance can be adjus- 
ted by adjusting the amplification factor Kj and/or the amplification factor Gr wit- 
hout changing any external components. 

It is also evident that, if the impedance Z of the impedance network 20 is set by 
using external components that are very accurate, the terminating impedance will be 
accurately controlled, since it will only depend on ratios (Gr arid K,) that are easy to 
control oh silicon with narrow tolerances. 

Finally, it is also obvious that any non-resistive terminatmg impedance can be set to 
the line by forming the network 20 of combinations of RLC components. 

By avoiding impedance networks in series with the outputs of the current amplifiers 
4 and 5, and by controlling the terminating impedance accurately, the power loss 
will be significantly reduced compared to the known solutions. 



The described loop can be used for ireceiving signals fi-om and transmitting signals 
to the line via the defined terminating impedance Zl- 
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Received Signals can be sensed directly at the line interface circuit side of the trans- 
former 3 and sent to e.g. an analog-to-digital converter (not shown). 

Signals to be transmitted are preferably injected by sup^imposing a signal current 
at the input of the current buffer 21. A simple way to accomplish this is to comiect a 
signal voltage source 26, referred to the reference voltage 19, via an impedance 27 
to the input of the current buffer 21. 
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CLAIMS 

1. In a line interface circuit for analog broadband applications, a method of setting a 
terminating impedance towards a two-wire twisted copper line, characterized by 

- sensing the line voltage, 

- amplifying the sensed differential line voltage with a factor K, into a single ended 
voltage relative to a reference voltage, 

- converting the amplified voltage into a current through a discrete impedance net- 
work connected to a current buffer input connected to said reference voltage, 

- buffering and amplifying the output current firom said current buffer by a factor 
Gr- 

- injecting the amplified current onto the line, and 

- setting the terminating impedance by setting the factor K, and/or the factor Gr. or 
by modifying the impedance of the impedance network. 

2. The method as claimed in claim 1, characterized by superimposing a second 
current onto said current by applying a voltage proportional to a desired transmit 
output voltage relative said reference voltage over a second impedance network 
connected to the current buffer input. 

3. In an analog line interface circuit for broadband applications, comprising two cur- 
rent amplifiers (4,5). each having an amplification factor Gr, connected with their 
outputs to the respective wire (1,2) of a two-wire twisted copper line via a transfor- 
mer (3) for injecting amplified AC signals onto the respective wire (1,2) via the 
transformer (3), an arrangement for setting the terminating impedance towards the 
two-wire twisted copper Ime (1,2), characterized in that the arrangement comprises 

- a voltage amplifier (6) connected to transformer (3) for sensing the line voltage as 
transformed by the transformer (3), for amplifying the sensed voltage by a factor K„ 
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and for converting the differential input voltage into a single en^ed output voltage 
relative to a reference voltage (19), 

- a discrete voltage-to-current converter impedance network (20), connected betwe- 
en the output of said voltage amplifier (6) and the input of a current buffer (2 

5 converting said output voltage into a current, the input of the current buffer being 
connected to said reference voltage (19), 

- the current buffer (21) being adapted to buffer said current to the inputs of the cur- 
rent amplifiers (4,5), and 

- setting means (7, 8. 9. 10, 1 1, 12, 13. 14, 15, 16, 17, 18) for adjusting the factor K, 
10 and/or the factor Gr to set the terminating impedance. 

4. The arrangement as claimed in claim 3, characterized in that a signal voltage 
source (26) referred to said reference voltage (19) is connected to the input of said 
current buffer (21) via a second hnpedance network (27) to superimpose a signal 
1 5 current onto said current to be buffered to the inputs of the current amplifiers (4,5). 
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